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inctrumertaticn for the sens:ng and telemetering of physiclogical infor-
mation from unrestrained animale has been developed. Parameters which

have been monitored are: blocod pressure, temperature, acceleration (a gross
measgsure of motion), respiration, and the electrical sigralz associated with the
hea=t beat and brain activity., Sensor-travmamitter uritc have been chroaically
implanted ir. rakbiis, doge and monkeys. Methods of implantation and the effect
of the implaris on the animals have beer. studied. Iritial work has been done on

a blood oxygen tertion transducer to be implanted 1n a vessel or in the heart.

Mest of our werk haz been on the measurement of blocd pressure. Our
method attemrts to measiure blocod pressure through the intact artery wall, It
is theoreticaily pcas:ble to measure absclute pressure in this way if the wall
15 fiattened and if mechanical motion of the transducer 1s negligible. Studies
on rabbits and dogs indicate that an artery will tolerate application of the trans-
ducer and its holder, Transducer-transmitter units have been implanted and
have functioned ir dogs for pericds of several weeks, Problems of drift,
moisture penetraticn and temperature sensitivity are now being eliminated and

pressure sensifivity is being increased.

The blood pressure transducer-transmitter has beer used, in a modified
form, as a respiration monitor. Implanted in the chest cavity, it gives a semi-

quantitative measure of respiration.

In electrocardiogram and electrocorticogram units, electrical signals are
picked up, amplified and used to modulate a transmitter. These units are
designed to transmat continuously for two years and have been used very suc-

cessfully in animals, .

The temperature transducer has also been designed to transmit for two
years, This unit and arn EKG unit are being tested in monkeys by a group at

Ames Research Center.

The fcllowing publications have appeared or will appear: ''Radio Tele-
metry From Inside The Body', New Scientist, September 26, 1963,
""The Magnetic Field Associated With Nerve Activity', {submitted to Science).
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Furiher deta:’s of ite worr done :n this project are |+ the two progress

reports a~d the deta.led descrrption of the temperature transmitter as follows:

Quarter .y Progress Report -- November 1, 1963

Testing of biced pressure, EKG, and temperature units and of their

\

compoener: paris 13 being r.rsued.

~ i - « b g e e - .
A ctamber has beers AET L AW

Wik blood pressure wnliis are being
tested., Temrerat.re ard presasure are LSe.ig varied indeverdently. It has
heer ir.nd ‘ha. the radic {rrquercy tra»smitted by the nits drops when they
are scaked :m salire. This drep is very rap.d for the first few days and slows
(o the equiva.ent of 10 to 30 mm Hgiday. Se:csitivity of the units decreases by
25 percert 12 5 days. An increase 1w temperature causes an apparent increase
ir presscre of £ to S0 mm Hg,"OC ir the uniis being tested. Hysteresis has:
been fceund .o the pressuve cuirves After imcreasing the pressure to 300 mm,
error ir. the read:ngs mmed.ately foillowing is as muchas 10 mm. When
rressure .s var:ed vetweer 60-140, a probable pulse pressire range, readings
are rerrcducib.e. The ticcd vressure units are reasonably stable cver periods

~f {rem 4 to b hour -, bul dailv calibration :s required.

Varicus tesis are being conducted to determine the changes, due to tem-
Ferature variations, in the frequercy determining comronents of the biood .
pressure transducer. It is possible, with proper selection of components, to
balance these changes, and to produce a blood presscre unit with negligible
temperatire dr.ii. This may be beyond our capabiiities, as comrporents with

the prorer temperature and size characteristics may not be available,

A revised version of the single unit blood pressure {ransducer-trans-
mitter is nearing completion. Primary considerations involved in the design
of the new s:ngle unit are size, an increase in sensitivity to pressure, and a
decrease :» moisiure permeability. Preliminary tests indicate that this unit

will apprnachk the size requirements for such a device,

As recert tests indicate that the rresent method of encapsulating the
transducei~iransmilier :s nol adequate e prevernt water absorption, we have,
in correciicn with the work being done, been investigaiing means itc eliminate

the water hazard.
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A temperature 7il was calibrated and showed zn aimost linear resworse
to temrerat.re charges. jtwas stable cver the fcur day test peried., Four more

sTils are he:~g cornsir.cted to complete the testing cf the temperature monaitor.

A-ima’ i~strumentaticor needsz for the NASA Bin-Satellite Project were
discssed with vroject perstvnnel at Ames, They pian ic rlace an instrumented
Rhesus or P:g-ia:led morkey in orbit and tc monitor the animalis EKG, res-
v.ration, tlond fiow, hload pressure end temperature. This will take place

icwards the e~d of ‘A4 ar *he heo ~rix

g g ~f '"65. The tentative decision of the
Bic-Satellize grour, tased nr rurrent availabildty ol instrumertation, 1s to use

a herd-wired svsiem, bul they would rrefer fo use a telemetered system, if

suck were ava..ah.e.

Our temrperaiire and EKG monitors seem toc meet adeqguiately the needs

bty

of the r rro'ects azd are being tested. These uniZs have heen :mplarted in a
morkev by the B:o-Satellile grour at Ames, and will ke inciuded in a certrifuge

experirment, .n Novemuer,

The telemeter:ng of tlood flow and of bleod pressure informaticn is an
unsolved problem. [ its 7resernt state our blood rressure wunit wiii not satisfy
the rroject’'s requiremeris. Ames, however, is muach interested in its possi-

s

bolities; and weld ize tc tent the wuit, evern .7 s precsernt state.

i

Seme nterest was alzr evpressed it an intrathorac.c nressure frans-
duacer, a device witk whrich we have had some experience, Preliminary

studies, bzsed apon Ames reeds and ouir previcus exrerience; have been

started. .
Prcgress Summeary -- December 1363
The single unit bicod pressure transducer-tranamitter 13 being modified

to increase the stab:l:ty of its circuits and te improve :ts capability in mea-
suring pressures, Mechanical motion of the transducer diaphragm will be
severe.v irmited. this makes vosa:ble a very close approximatien to true
presscre measuremen~t and wiil decrease errors cansec by changes in the
arterial wall, Thi: crange in the transdicer will mare It necessary to in-
crease the sensitivity of the zens:ng elemert,

Several test circuats have beern buill, two of wkich have been incor-

porated in units which are now urndergoing tests for the efficiency of the



present yoit.rg and constructicn leckriques. A thard circuit, designed by

Mr. Te-¥.~sc-. has bee~ b .iil ard 15 bei~g tesied. Res:z'ts show that this
circait s capab.e of prov.ding a stable oscillator, ndevendent of temperat-ze,
rrov.ded that *he ce.ls de net change (n inductance as a result of temrerature

changes.

Tests show that seme temperature sensitivity lies ir the transducer
and f{ransmitter coi’s. Some work has been staried toward possible elimi-

1

mat:or of the framsmtio g coill and moditicat o of the trarsducer coil to

€.m:mate the temperatire sensitivity of this cempeonent, Transdicer-

i

Lransmiii€s . rc..is ~f co i 7o~ wuly

4

ra~sm.it g tvres and blocking types
were stud.ed, Var.ou.s characier.stics were ob-erved am-rg the mary tyoes

of nsc:iliaiors wnvest.gated.

Trarsm:tters have teer de eicved which are capabie of transmatting
three d.ifereri ivyes of data simuliaseo sly w.lh very low power., A series
of measuremenis was made ina 65,000 gallon »alt water tank to test the
effectiveress ot low level signals through walt water., The feasibility of
teiemeter.ng {rom diving manrals and from fishes was demcnstrated. The
travom:tted s:grals ceuld be received at distarces upk to 50 feet., These mea-
saremeris aisc forther el:c:dated the manzer = which s:grals are transmitted

thro.gh as arimai’'s tissies. Associated with this work was the investigatien-

cia new tvpe of tra- smuit.ng azterna av*ich consists of ar irsilated dipole with
conduciing end eleciredes., 105 proved considerakbly mcere eificient than the
loon fmagretic dipple) anterna which has previously heen almost universally

used.

In cellaboration with a group at Oak Kroll, swaliowable pressure trans-
ducers were used to study the peristallic patterns in human beings., Mr,
Harvey F.shman has s.icceeded in detecting the magnetic field :nduiced as am
impulse and propagated alorg a nerve burndie. By using a calibrated ampiifi-
cat.on system, he was able t3 make the first estimaticor of the mag=nitude of

thiz feld. i was ‘c.nd to be severai hundred mucrcga.ss. 1Iwo review

articies orn the ~.hlect cf telemetry have been prepared.
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The *irat
*s pcwered by an exterrali orne rmegacycle inductior field, and transmits on ¢
of 100 kc.

tank c.rcaxt of ihe mso

temvTer

i

re transmitter, conztructed in December of 19461,

& nemrtat iregaency A femrverature zensitive capacitor ir the

Mlator causes a frequency deviation of aprroxamately.

RO0 cra/ C isee c.zc.t dagrems figure ;). The desigr was abandoned be-
F L g g ! g

ca s i tre exce 3.v€ Tardw dth required and the high cost of fabricating

and raciim etcap e slug The catacitor,

A s seqe i desagr, sho ey oo figure &, unes a

remperain-e, ard o5 rowered DYy a Fearung atd batterr (Mallory Ne. 3125,

it emyicy 3 v 36 modulation, (400 c, ., =, } to dec rease the bandwidth, but
o J o Y . §

iz relatively vistable, die 1o (ke rresence of the 22 meg. resistors :n the .

mal:vibrater, [ These res.stors were commercially ravaiiablie i micro-
m.oTiatire versicrs, a'd were “ahricated i the lab frimn are wait molded
carbon resistors.;  Tes megobm hermetically sealed therm.stora were

emyp.cyed tn the rext des.gn {figure 3). Thae osciliatnr is switched at two

cyc e~ per seccnd, and s isociated from the mulitivibrator to minimize

irteract.on.

Tre imyproved ard presently emzioved versicn is diagrammed in

c.gure 4, The pattery, a s iver oxide urnit used in electric watches, has

very low 1eakage? constant discharge veitage, ana three times the capacity

of the ferme-7+ .:ed battery, a Mallcry No. 312 (it vrfortir-ately coccunies

ihree time: maore voiime], The rat

controiled by Ci, C2, R2 annd R3,; each
C at 40°C. The collector loads are ther-

e of the muliivibrator (T: and T2) 15
» of which has a regative temperature

coefticient of about 5 percent/°

mistors to keer the collectior to hase current ratios constant, and an in-

verting stage (RS, {3 prcvides a low drivirng impeda:nce to the oscillator.
g it

10 mil epoxy board and potted in

Comzuorenis ave assembled on

Armstrong C3. The ndictor (L) 15 ¥ound and potied on the perimeter,

and a coatisg cf silastic rubber {Dow Cor=zing No. 502) complietes the unit.
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Bi
Ci
c2
C3. 4
Cch
Li
R'.4
R2.3
RE, 7T
R6
T',2,3,4

PARTS LIST -- TEMPERATURE TRANSMITTER

battery, i.5 volts, Ham:iton Ne. 505

capacitor, 5000 pf,, Gulton No. G-MIN-V-, 005-Z
capac:tor, 1500 pf., Gultoen No. G~-MIN-V-,.0015-Z
capec.ior, 430 pi,, Scionics zellet

cavac:iter, 100 i, , Vitramon Ne., VK2! CWIi0!
ir.ductor, 500 turns No. 39, see text

thermistor, Fenwa® No, GA62Ji

therm.stor, Guitorn Nc. 7:DMI10

res:stor 5 meg,, Mallory No. 6928RP

res:.stor, 100k, C.T.S. ceradot

transister, General Instrument No. MT10}, select

by

or low noise



Pres:ure Trarsm:tier

Several schemes Ior sensing pressure have heen inves stigated, but as

of th.s writing no single tranzducer has met all the requirements of the ideal

fre~sure sensor. A tab.e relating the methods :nvestigated and socme desir-

P - . A
able gualities tor memedical applicaticns appeara below,

4
Wire *
Resistive  Stralsr Sem:icerductor
Pa. nt Gauge Strain Gauge

Cara. *r

Size P 0 3

3
P

Mechaniical impedarce 2

(%]
L4

Measuremenit Power
Required 3 3 0 ]

Parts Ceost 3 3 3

=

Fabricatin-»

Dl prel .!Lu,.,eﬁ 0
Zero D
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[
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[
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Meisture Sensitivity

Numbers: are arranged i order of increasing desirability:

C Terrible
i Poo>
2 Good

W

Pressure sencsitive capacitors constructed of ancdized aluminum plates
were lrcorporated in several successful implants on carotid arteries of
rabbits, but all were short-iived due to the transducers’ extreme sensitivity
to meizture, Precsure seunsifive resistive painis were tried with no succe 383

ail proved te te very noisy and unstable,

ihe device currently used to measure prezsure consists of a coil wound
on 2 feryiic and a fieyible sieel armature surrounding it as shown in
figure £, The azsembly is potted iz Armstrong C3 and sealed with a teflon

membrane, Force applied te the device pin dirniniches the air gap between




its simplicity, ot it remeains fo be

the core a*‘d the arm

!‘,:

ture, thue increacing the indutlance, The forcze senai-
tiviiv may be 23 much as 2 percent per gram, while the pressure zensitivity
depends ou the pin aree ard tavinecs
been w.36d "2 mezseoe thoracis press:
T'e meacure nlcod vressure, it 18 €
(figure 8F whizh as then culured ard

abouat 20 vezeent of Wiz origliva

terrn accd

andsctance ia initeelt suhiect to ¢rift, and over a few month's tim:e, the un~

certainily ur the measuremernt of abzolile pressure 18 conziderabis, Pulse

The circuil wresently used to trarsmit blced pressure and thoracic

presaure is shewn ir fHigure 9. It consists of czciliator Tl and grounded
base ampiifier T2. L2 1s wrapped arvund the assemhbly as in the temrera-

tuce transmitier, and C4 is chogen to tuwe the tank cirvcuit o the average

oscillator frequency. i measuring blood rrecsure, the civevit is zeparated
at the dotted ¥ne to minimize the weight atiached to the avtery. The thoracic
&

o
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~
O
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3
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W
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ressure imo.ant i a siugle unit, with the tran a
&
the zuriace. Both units are ernzavsulated in Armastrorg C3 and coated with

Silastic rubler. .
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Bl
Cl
Cz2,3
C4

L2
Rl

T1, 2

PARTS LIST -- PRESSURE TRANSMITTER

battery, 1.5 volts, Hamilton No, 505
capacitor, 100 pf., Vitramon No. VK21CW 101l
capacitor, 430 pf,, Scionics pellet

capacitor, Scionics pellet, select for maximum
output :

inductor, pressure sensitive, see text
inductor, 1100 turns No. 48, see text
resistor, 200 k, C. T.S. ceradot

transistor, General Instrument No. MTi01, select
for low noise

Bt i # Gl 5 PSS
AP 4

..
"

e’
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EKG, EMG, EEG Transmitters

Electromyographic and electrocardiographic signals may be tele-
metered with the transmitter diagrammed in figure 10. Amplifier T1
drives the varactor diode D1 which frequency modulates the oscillator
T2. T3 is a grounded base amplifier: its tank circuit (L2, C6) is
tuned to the nominal oscillator frequency. Drift and instability are
minimized by biasing the varactor at zero volts and isolating the closed

core frequency determining inductor from the radiating inductor.

Potting is Armstrong C3 and coating is silastic rubber. Input
loads are made of helical stainless steel insulated with silastic tubing.
The modulation index is about 200 cps/mv and the frequency response

extends from .1 to 200 cycles per second.

By using a higher gain amplifier stage, Tl and T2, figure 11,

electroencephelograms may be telemetered. Ultra low noise (expensive)

transistors must be used for the input stage; in other respects the trans-

mitter is similar to the EKG transmitter.

-19 -
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Bl
Cl,2
C3,4,5
Ceé

D1
L1
L2
R1,5
R2
R3
R4
R6

T1,2,3

PARTS LIST -- EKG, EMG TRANSMITTER

battery, 1,5 volts, Hamilton Ne, 505
capacitor, 2 utd,, Sprague No. 160D27
capacitor, 430 pf,, Scionics pellet

capacitor, Scionics pellet, selact for maximum
cutput

varactor, Pacific Semiconductor No. V56
inductor, 15060 turns No, 48, see text
inductor, 600 turns No. 44, see text
resistor, 5 meg, Mallory No. 6928RP
resistor, 1 meg, Mallory No. £¢928RP
resistor, 100 k, C. T.S. ceradot
resistor, 500 k, C. T.S. ceradot
resistor, 200 k, G, T.S5. ceradot

transistor, General Instrument No, MT 101,
select for low noice
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Bl
Cl,2,3
04. 5, 6

Cc7

D1
L1
L2
Rl1,2
R3,6
R4
R5

Ti,2

T3,4

PARTS LIST -- EEG TRANSMITTER

battery, 1.5 volts, Hamilton No. 505
capacitor, 2 utd., Sprague No. 160D27
capacitor, 430 pf., Scionics pellet

capacitor, Scionics pellet, select for
maximum output

varactor, Pacific Semiconductor No. V56
inductor, 1500 turns No. 48, see text
inductor, 600 turns No. 44, see text
resistor, 10 meg., custom

resistor, 200 k, C. T.S. ceradot
resistor, 500 k, C. T.S. ceradot
resistor, 5 meg., Mallory No. 6928RP

transistor, Fairchild No. 2N2484, molytab
package

transistor, general Instrument No. MT101
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